Rational design and pre-clinical pharmacology of drugs for reversing multidrug resistance.
Drugs that interfere with the action of P-glycoprotein (P-gp), the membrane efflux pump responsible for multidrug resistance (MDR), should be valuable in the treatment of patients with drug-resistant cancer. We have used one class of drug, the phenothiazines, to study the structural features required for optimum interference with the function of P-gp. The structure-activity relationships revealed three important components including the hydrophobicity of the tricyclic ring, the length of the alkyl bridge and the charge on the terminal amino group. Trans-flupenthixol is a lead compound that conforms to these structural requirements and demonstrates significant activity as a sensitizer of MDR cell lines to drugs affected by the MDR phenotype. Based on these data, we have proposed a model for the binding of modulators to P-gp and have speculated on the structure of the drug-binding domain. We have developed pre-clinical models of MDR that may help predict clinical activity of chemo-modulators. L1210/VMDRC.06 is a murine lymphocytic leukemia line transformed by a retroviral expression vector containing a full-length cDNA for the human mdr1 gene. K562/VBL1-3 are clones of human myeloid blast cells that were transformed with the same vector. Resistance in these lines is not complicated by changes in the cellular content of glutathione or alterations in topoisomerase II. The transformed L1210 line grows in mice as a slowly proliferating non-metastatic peritoneal implant. Both MDR lines are restored to sensitivity by cyclosporin A or trans-flupenthixol, and the K562 clones are induced to differentiate by hemin. These lines should provide simple, sensitive screens for new drugs for use against cancers expressing P-gp. We have proposed a model to explain how the pumping activity of P-gp is activated in response to toxic drugs. In this schema, basal activity of P-gp is modulated through phosphorylation/dephosphorylation reactions mediated by protein kinase C (PKC) and calcium sensitive phosphatases. In response to the activation of phospholipase C by toxic drugs and the local production of 1,2-diacylglycerol, PKC is translocated to the cell membrane where it phosphorylates P-gp. Following the extrusion of drug from the cell membrane, phospholipase C activity returns to baseline, diacylglycerol is metabolized, PKC returns to the cytosol and serine/threonine phosphatases dephosphorylate P-gp returning it to the basal state.